The purpose of this report was to study the role of T lymphocytes following injection of Porphyromonas gingivalis in a mouse abscess model. Three invasive P. gingivalis isolates (ATCC 53977, W83, and AJW4) were injected into athymic BALB/c mice and their heterozygous (nul+) littermates. The athymic BALB/c (nu/nu) mice were able to localize the invasive P. gingivalis isolates at the injection site. By comparison, the heterozygous BALB/c (nul+) littermates developed hemorrhagic secondary lesions within 24 h after subcutaneous injection of the same invasive P. gingivalis isolates. These results suggest that naive T lymphocytes may contribute to the pathology associated with P. gingivalis infection.
Porphyromonas (Bacteroides) gingivalis is a gram-negative anaerobic rod that is frequently associated with adult periodontitis (5, 23) and abscesses of oral origin (10, 12, 24) . Previous studies from this laboratory (14) and others (8, 21, 22) have demonstrated the heterogeneity of P. gingivalis isolates based on the ability to invade tissue and cause hemorrhagic ulcerative lesions at a site distant from the injection site (invasive) or to remain localized at the injection site (noninvasive). With a mouse abscess model system, P. gingivalis strains, such as W50, W83, ATCC 53977 (A7A1-28), AJW4, and EM3, are categorized as invasive, while P. gingivalis 381 and 34-4 are considered noninvasive (14; unpublished data). We have previously reported that immunization of BALB/c mice with an invasive P. gingivalis strain (ATCC 53977) results in localization of a subsequent challenge infection with the homologous strain (4) . However, mice immunized with a different bacterium, Prevotella intermedia (Bacteroides intermedius), or Ringer's solution are not able to localize a challenge infection but do develop hemorrhagic, ulcerative lesions on the abdominal surfaces after challenge with P. gingivalis ATCC 53977 (4) . Immunization with a noninvasive P. gingivalis strain (381) results in delayed appearance of the secondary lesion, which is smaller than that observed in control mice and occurs in 50% of the mice (4) . The mechanism(s) by which the immunized mouse is able to localize a challenge infection with an invasive P. gingivalis strain remains unclear. To assess the potential role of T lymphocytes in the resistance or susceptibility to an invasive P. gingivalis infection, specific-pathogen-free athymic (nulnu) BALB/c mice and their heterozygous euthymic (nul+) littermates were injected with P. gingivalis. Spleen lymphocytes from the heterozygous (nul+) BALB/c mice are known to respond in vitro to the T-cell mitogen phytohemagglutinin (PHA), while spleen lymphocytes from the athymic (nulnu) littermates do not (11) . In addition, athymic BALB/c (nulnu) mice are unable to produce antibody to T-cell-dependent antigens (11) .
Three invasive isolates of P. gingivalis (P. gingivalis ATCC 53977, AJW4, and EM-3) and one noninvasive isolate (P. gingivalis 34-4) were used in this study. P Twenty-four hours after injection of the three invasive P. gingivalis strains, nul+ mice had hunched bodies, ruffled hair, and hemorrhagic lesions on the abdomens (secondary lesion) ( Table 1) and had lost up to 25% of their body weight. During the same time period, nulnu mice displayed normal behavior, developed abscesses at the injection sites (Table  1) , and lost up to 15% of their body weight. The differences in weight loss between nul+ and nulnu mice were not statistically significant. P. gingivalis, in pure culture, was obtained in high numbers from injection sites and the abdominal surfaces of nul+ mice and from the injection sites in nulnu mice. The invasive P. gingivalis strains were also cultured from the abdominal surfaces of nulnu mice for up to 2 days after injection in the absence of obvious secondary lesions ( Table 1 ). The noninvasive P. gingivalis strain 34-4 was cultured from abscesses at the injection sites in both nul+ and nulnu mice (Table 1) . It was recovered in low numbers (<10 CFU) from the abdominal surfaces of nulnu mice only at day 1 after injection and was not cultured from the abdomens of nul+ mice (Table 1) . Histological examination of the injection sites in both nulnu and nul+ mice revealed an acute inflammatory reaction with abscess formation and myositis in subcutaneous tissue at day 1 after injection of all P. gingivalis strains. By day 5, a mononuclear cell infiltrate was observed. The cellular infiltrate became chronic by day 10, and bacterial colonies were often visible. By day 20, most of the inflammatory response had resolved; however, residual macrophages and lymphocytes were observed. In nul+ mice, the acute inflammatory response increased and ulceration of the skin was observed by 2 to 5 days after injection, primarily around the secondary site.
Analysis of serum samples for immunoglobulin G (IgG) antibody to P. gingivalis by ELISA showed that all BALB/c nul+ mice developed IgG antibody that reacted with P. gingivalis ATCC 53977 by day 10 after subcutaneous injection with invasive or noninvasive isolates of this microorganism, while BALB/c nulnu mice did not (Fig. 1) . Furthermore, sera from BALB/c nulnu mice were negative for IgG antibodies to P. gingivalis for the duration of the study (Fig.  1) . In contrast, IgM antibody to P. gingivalis in BALB/c nulnu and nul+ mice was detected at a 1:100 dilution (OD405, <0.15) and only between days 5 and 10 after subcutaneous injection of bacteria (data not shown).
Spleen cells from BALB/c nul+ mice responded in vitro to PHA, while spleen cells from BALB/c nulnu mice did not (Fig. 2) . Prior to injection of bacteria, there was a statistically significant difference (P < 0.05) in lymphoproliferative responses to P. gingivalis cells and LIS extract between BALB/c nul+ and nulnu mice (Fig. 2) . After injection, lymphoproliferative responses to E. coli LPS, P. gingivalis 53977 cells, LIS extract, and LPS were similar between nulnu and nul+ spleen cells from mice injected with P. gingivalis ATCC 53977, AJW4, and 34-4. The lymphoproliferative responses of spleen cells from nul+ mice injected with EM-3 were consistently higher than those of nulnu spleen cells when tested in vitro with E. coli LPS, P. gingivalis cells (1:10 dilution), LIS extract, and LPS. However, the results were not significantly different.
These results support previous reports of the heterogeneity of P. gingivalis strains in their ability to invade tissues (8, 14, 21, 22) . Injection with P. gingivalis 34-4 resulted in abscess formation at the injection sites in both BALB/c nulnu and nul+ mice. These results suggest that P. gingivalis 34-4 is a noninvasive strain. Previous studies with P. gingivalis 34-4 in normal BALB/c (+/+) mice suggest that the invasive properties of this isolate are similar to those observed with P. gingivalis 381 (unpublished data). P. gingivalis ATCC 53977, AJW4, and EM-3 produced hemorrhagic, ulcerative lesions at sites distant from the injection sites in all BALB/c nul+ mice tested. These strains have previously been shown to be invasive in normal BALB/c (+/+) mice (14; unpublished data). The ability of BALB/c nulnu mice to localize an invasive P. gingivalis strain at the injection site and the composition of the infiltrate suggest that other cell types, such as polymorphonuclear leukocytes or macrophages, may be involved in the prevention of a spreading infection, especially since these mice did not produce antibody to P. gingivalis. The hemorrhagic, ulcerative lesions observed in BALB/c nul+ mice after subcutaneous injection of invasive P. gingivalis isolates suggest a role for nonimmune T lymphocytes in the pathology associated with this infection, since the lack of T cells is the primary difference between nulnu and nul+ BALB/c mice. The absence of IgG antibodies to P. gingivalis in BALB/c nulnu mice is similar to that reported for other antigens in nulnu mice in which the immune response is T cell dependent (11) . These results suggest that IgG antibody to P. gingivalis cells and LIS extract is T cell dependent and that IgG antibody alone does not play a role in the resistance to infection with P. gingivalis. The low IgM antibody titer may be due to a response to a T-cell-independent antigen such as LPS. However, this remains to be determined.
Athymic nude mice have been used as a model in assessing the role of T cells in host resistance to pathogenic bacteria (20) . While nude mice are highly susceptible to certain naturally acquired bacterial infections (9) , it has been reported that these mice possess an increased resistance to experimental infection with Brucella abortus (1), Salmonella typhimurium (7, 16) , and Listeria monocytogenes (1, 6, 15, 16) for short periods. This resistance has been attributed to enhanced macrophage and natural-killer-cell activity. However, the resistance of nude mice to S. typhimurium was not as great as that observed with L. monocytogenes, and this may be due to a requirement for both T cells and macrophages in resistance to infection with this bacterium (18) . BALB/c nulnu mice are reported to have an increased nonspecific resistance to infection with S. typhimurium during the early phase (up to day 4) of a primary infection (13) .
In studies with intraabdominal abscesses resulting from Bacteroides fragilis infections in BALB/c nulnu and nul+ mice, Nulsen et al. (17) showed that athymic (nulnu) mice had significantly smaller abscesses than those of heterozygous control (nul+) mice. However, when nulnu mice received T lymphocytes from heterologous littermates, they were able to make normal-sized abscesses in response to intraabdominal injection with B. fragilis. Shapiro et al. (19) have shown that BALB/c or C57BL/6 athymic (nulnu) mice that received a soluble antigen-specific T-cell product (ITF) prepared from T cells of mice immunized with B. fragilis capsular polysaccharide were able to confer protection against abscess formation only when normal spleen cells were also transferred. The heterologous littermates (nul+) of these mice, which have functional T lymphocytes, were protected against abscess formation when they received ITF but were not protected when they received a T-cell factor from nonimmune T cells. These studies suggest that naive T cells are required for abscess formation or enhanced pathogenesis, while "educated" T cells are responsible for resistance to infection. Thus, it is also possible that BALB/c nulnu mice are able to localize a P. gingivalis infection, possibly because of elevated macrophage or natural-killercell activity. Further studies are currently ongoing to determine whether adoptive transfer of T lymphocytes to BALB/c nulnu mice will result in susceptibility to infection similar to that observed with BALB/c nul+ mice. Studies of the roles of both macrophages and natural killer cells in resistance to infection with P. gingivalis are also needed.
